Background. The complement system protects against extracellular pathogens and links innate and adaptive immunity. In this study, we investigated the anaphylatoxin C3a receptor (C3aR) in Chlamydia psittaci lung infection and elucidated C3a-dependent adaptive immune mechanisms.
colony-stimulating factor (GM-CSF), and interferon γ (IFN-γ) orchestrate defense [9] [10] [11] . The humoral response ameliorates control of secondary infection with C. muridarum [12, 13] . Additionally, in genital reinfection caused by this mouse pathogen, Chlamydia-specific antiserum augments T cell immunity via Fc receptors on antigen-presenting cells (APCs), and enhances CD4 + T cell function [14, 15] . CD4 + and CD8 + T cells each are sufficient for effective defense against C. pneumoniae, with IFN-γ as key player [16] . The proteolytic complement cascade comprises essential defense against extracellular pathogens and links innate and adaptive immunity [17] . However, more recently there is evidence emerging that additionally, the complement system orchestrates adaptive immune responses and contributes to the control of intracellular pathogens [18] [19] [20] . Three main activation pathways lead to cleavage of complement factors C3 and C5 and release of the anaphylatoxins C3a and C5a. G proteincoupled receptors for C3a (C3aR) and C5a (C5aR, C5a 1 receptor, CD88) mediate inflammation and play key roles in diseases including systemic lupus, arthritis, or colitis [17, 21, 22] . Although anaphylatoxin receptors are closely related, their functions overlap only partially; for example, in intestinal ischemia reperfusion injury C5a activates tissue-infiltrating neutrophils, whereas C3a limits neutrophil mobilization from bone marrow (BM) [23] . C5a serves as potent chemotaxin and activator of granulocytes and monocytes/macrophages [17] . In contrast, C3a only weakly affects these cells. The cleavage product C3b opsonizes pathogens promoting phagocytosis. Antigen-bound C3b (and C3d) augment antibody production and differentiation of B memory cells [24, 25] . Finally, the membrane attack complex downstream of C5 can lyse extracellular pathogens [26, 27] .
Immune modulatory complement functions become increasingly relevant. APCs and activated T cells express anaphylatoxin receptors. Complement can affect cellular immunity by direct modulation of T cells or by enhancement of APC migration and antigen presentation [28] [29] [30] [31] [32] [33] .
There is little knowledge about complement during chlamydial infection: Elementary bodies activate complement in vitro, which reduces infectivity in cell culture [34] [35] [36] . Recently, our group has shown early, high, and long-lasting complement activation in C. psittaci mouse lung infection [19] . Experiments in C3
−/− mice lacking all main effector functions revealed a protective role of complement in chlamydial infection. In contrast, the infection progressed similarly in wild type (WT), C5-deficient, and C5aR −/− animals, suggesting that biologically active C3 cleavage products play an important role.
In the present study, we show a critical role of the C3aR in protection against intracellular C. psittaci. Whereas most WT mice survived C. psittaci infection, C3aR −/− mice had impaired bacterial clearance, prolonged inflammation, and a higher death rate. Moreover, C3aR −/− mice failed to raise C. psittaci-specific immunoglobulin M (IgM) and immunoglobulin G (IgG) and in comparison to WT mice developed weak B and C. psittacispecific T cell responses in lung-draining lymph nodes (ldLNs). Our observations reveal a hitherto unknown role of the C3aR in adaptive immune responses towards an intracellular microorganism.
MATERIALS AND METHODS

Chlamydial Culture
The C. psittaci strain DC15 (kindly provided by K. Sachse; GenBank accession number CP002806.1) isolated from bovine abortion [37] was propagated in BHK-21 cells as described elsewhere [19] . Inclusion-forming units (IFU) were determined by titration onto HeLa-T cells [38] . For mock controls, BHK-21 cells were processed identically but without Chlamydia and diluted similarly as infected cells. Polymerase chain reaction (PCR) confirmed Mycoplasma-free preparations.
Mouse Strains
Ten to 12 weeks-old male C3aR
/J- [40] ) and WT (Charles River Laboratories) mice on C57BL/6J background were used. Only in experiments depicted in Supplementary Figure 1 , BALB/c mice C3aR
Cge/J-Jackson Laboratory) and corresponding WT (Janvier SAS) mice were analyzed. All animal experiments were approved by the Local District Government and carried out in adherence to German regulations for protection of animal life (permit: 33.12-42502-04-091624).
Chlamydia psittaci Lung Infection
For C. psittaci infection mice were anesthetized using 0.1 mL/10 g body weight of the following solution: Ketamine (Albrecht) 0.5 mL [100 mg/mL]; Xylazine (Bayer) 0.1 mL [2%]; NaCl 4.4 mL [0.9%]. Then, 30 µL of 0.9% NaCl solution containing 4 × 10 4 IFU (C57BL/6J) or 1.3 × 10 4 IFU (BALB/c) or mock material were intranasally applied [41] .
Determination of the Bacterial Load in Lungs and Spleens
Homogenates from right lung or spleen were obtained as described elsewhere [19] . For titration of bacterial burden, thawed, diluted tissue homogenates were centrifuged onto monolayers of HeLa-T cells growing on cover slides. After 24 hours, the slides were washed and fixed with ice-cold methanol before being stained with Chlamydia-specific antibody (Pathfinder Chlamydia culture confirmation system; Bio-Rad). IFU per mL were determined by immunofluorescence microscopy (Zeiss).
Lung Histopathology and Cell Analyses in Broncho-alveolar Lavage Fluid (BALF)
Grading of lung histopathology by light microscopy (Zeiss) on Hematoxylin and Eosin (Merck) stained lung sections was performed as described elsewhere [19] . BALF and cells were obtained as described elsewhere [19] . Cells (4-18 µm) were counted (Scepter Cell Counter, Merck) and used for preparation of cytospin slides. After Diff-Quick staining (Medion Diagnostic) cellular distribution was determined by light microscopy based on 300 cells per slide. All preparations were graded by a blinded expert.
Determination of Myeloperoxidase and of Cytokine Levels in Lung Homogenates
Concentration of granulocyte marker myeloperoxidase (MPO) in lung homogenate was determined as described elsewhere [19] using the mouse MPO Enzyme-linked Immunosorbent Assay (ELISA) Kit (HyCult Biotechnology). For the quantification of cytokines (IFN-γ, TNF, MCP-1, IL-6, and IL-10), the Mouse Inflammation Cytometric Bead Array (BD Biosciences) was used.
Cell Analyses, T Cell Stimulation, and Intracellular IFN-γ Staining in Lung-draining Lymph Nodes A cell strainer (BD Biosciences) was used to obtain single cell suspensions of lymph nodes (LNs). Cells were washed with phosphate-buffered saline (PBS) + 1% fetal calf serum (FCS) and counted (Scepter). Fcγ-receptors were blocked for 15 minutes at room temperature with the anti-mouse CD16/32 antibody (101 302; BioLegend). Lymphocytes were stained for 30 minutes at 4°C cells with anti-mouse CD3, CD4, CD8, and CD19 antibodies. After several wash steps with PBS, CellFIX solution (BD Biosciences) was applied.
To determine C. psittaci-specific T cell responses, BM cells were obtained from femur and tibia of WT mice and cultivated for 7 days in RPMI 1640, 10% FCS, glutamine, β-Mercaptoethanol (43 µM), 100 U/mL penicillin, 100 µg/mL streptomycin, and 5 ng/mL GM-CSF (Invitrogen). These semi-mature bone marrow-derived cells (BMDCs) were infected with C. psittaci (multiplicityofinfection = 3)ormock-treated.Twenty-fourhours later approximately 1:50 co-cultures of these APCs with T cells from ldLNs obtained from infected WT or C3aR −/− mice were started. Restimulated T cells were harvested after 24 hours and stained for surface markers (see above). For intracellular IFN-γ staining the Cytofix/Cytoperm Fixation/Permeabilization Solution Kit was used (BD Biosciences) according to manufacturer's instructions. Analyses were performed on a FACSCalibur (BD Biosciences).
ELISAs for IgM and IgG
Whole blood was collected by heart puncture, mixed with 100 µL of 200 mM EDTA (Sigma) and transferred to Microtainer SST vials (BD Biosciences). After centrifugation (10 000 × g, 10 minutes, 4°C) the supernatant was frozen at −80°C. Determination of anti-Chlamydia IgM and IgG levels was performed as described elsewhere [19] using crude C. psittaci homogenate (1 µg/mL) or mock-material as antigen. Depending on experimental group and ELISA, 1:25 to 1:2500 diluted plasma was added. Horseradish peroxidase-linked antibodies were used for detection of IgM (550 588; BD Biosciences) and IgG (115-036-062; Dianova). Standard curves defining arbitrary units were obtained using pooled plasma from C. psittaci-infected mice.
Serum Transfer Experiment
C57BL/6J WT mice were infected with C. psittaci on day 0 and, after their recovery, on day 28. Blood was collected by heart puncture on day 49. Sera from several mice were pooled, centrifuged, and heat-inactivated for functional decomplementation (56°C, 1 hour). C3aR −/− mice, serving as serum recipients,
were infected with C. psittaci (4 × 10 4 IFU per mouse). Control serum was transferred intravenously 1 day before infection. Hyperimmune serum was applied (in a volume of 200 µL, diluted in 0.9% NaCl) either 1 day before or 7 days after chlamydial infection.
Sample Sizes and Statistics
Survival of mice was statistically analyzed with the Log-rank (Mantel-Cox) test. Usually, infected and mock-treated mice were compared first using an unpaired t-test. If significant differences were found here, further statistical analyses were applied comparing WT with knockout animals or different time points (9 and 14 days postinfection). Most data sets were transformed to their logarithms to achieve Gaussian distribution. Parametric data with this distribution were analyzed by unpaired t-test (Supplementary Figure 2D ), 1-way ANOVA followed by Tukey multiple comparison test, or by 2-way ANOVA followed by Bonferroni Posttest. For all other data MannWhitney test or Kruskal-Wallis test followed by Dunn multiple comparison test were applied. For details and group sizes of every experiment see the corresponding figure legends. For graphs and statistical evaluation, GraphPad Prism V5 (GraphPad Software Inc.) was used.
RESULTS
Our previous work indicated that the protective function of C3 in C. psittaci-induced mouse pneumonia must be located "between" C3 and C5 [19] . Following the hypothesis that C3a signaling mediates this defense and in order to elucidate the mechanism, lung infection experiments were performed on C3aR −/− mice. Figure 2) . These observations indicate that C3aR plays a role in anti-chlamydial immunity that extends to late phases of the immune response.
C3aR Is Protective During Second Week of Chlamydia psittaci Lung Infection
Impaired Clearance of Chlamydia From Lungs and Spleens Without C3aR
The chlamydial load in lung was higher in C3aR −/− compared to WT animals 9 and 14 days postinfection (Figure 2A) . Moreover, in WT mice, the bacterial burden declined between these two time points, whereas IFU stayed elevated in C3aR −/− mice.
In spleen, mean bacterial load and percentage of C. psittacipositive organs in WT and knockout mice were similar on day 9 postinfection (>80%; Figure 2B ). However, the bacterial burden was significantly higher on day 14 in spleens of the surviving C3aR −/− mice. The IFU/mL in spleen homogenates from both infected strains did not follow Gaussian distribution. Instead, the pattern suggests two subgroups (resulting in large standard deviations), either harboring no detectable viable bacteria indicating successful defense, or approximately 10 4 IFU/mL C. psittaci suggesting failed defense against dissemination. Although 69% of WT spleens were C. psittaci-negative on day 14 postinfection, all C3 −/− survivors were C. psittaci-positive.
Lung Histopathology, Granulocytosis, and Cytokine Responses in Lung Homogenate and BALF
Summing up various parameters of lung histopathology there was no significant difference in "general" C. psittaci-induced inflammation ( Figure 3A ). To assess granulocyte infiltration, we measured MPO highly expressed by these cells in lung homogenates ( Figure 3B ). Infection led to increased MPO activity in both mouse strains. Correlating with overall bacterial loads in lung, MPO levels in WT mice declined from day 9 to 14 in WT but stayed elevated in C3aR −/− mice.
In BALF, the total number of cells was higher in infected compared to non-infected animals. Moreover, total cell numbers and neutrophil counts were higher in C3aR −/− compared to WT mice ( Figure 3C and 3D ). In fact, on day 9 postinfection, the infection-triggered influx of granulocytes into the alveoli was even more pronounced in knockout mice than the smaller difference in MPO lung homogenate levels had suggested ( Figure 3D ). The overall unsuccessful attempt of the neutrophils to combat C. psittaci might participate in organ damage. In lung homogenates of WT and knockout mice, IFN-γ, TNF, MCP-1, IL-6, and IL-10 were elevated compared to mock-treated animals ( Figure 3E ). On day 9 postinfection the 4 IFU of C. psittaci DC15. Body weight and clinical score were recorded until day 14 p.i. Appearance of mice was assessed using the parameters vocalization, body posture, locomotion, breathing, piloerection, overall attention or curiosity, and secretion (eyes, nose, and anal region). Based on severity, dysfunction in each parameter was rated as 1 or 2 points. The overall physical condition was determined by adding all points resulting in a clinical score of untroubled (0 points) to moribund (≥10 points; in this case, mice were euthanized). Only 19% of infected C3aR −/− mice survived for 2 weeks. Fourteen mocktreated C3aR
−/− and 12 WT mice did not exhibit any clinical symptoms. After daily monitoring, mice were sacrificed either 9 or 14 d p.i. for further analyses. Survival of mice (A) was statistically analyzed with the Log-rank (Mantel-Cox) test. Body weight (B) was analyzed with 2-way ANOVA and Bonferroni Posttest and clinical score (C) with Mann-Whitney test. Means ± standard errors of the means are depicted. Asterisks indicate significant differences between infected C3aR −/− and the corresponding infected WT mice (*P ≤ .05; **P ≤ .01; ***P ≤ .001). Abbreviations: ANOVA, analsyis of variance; C3aR, C3a receptor; d p.i., days postinfeciton; IFU, inclusionforming unit; WT, wild type.
C. psittaci-induced cytokine pattern was essentially identical in WT and C3aR
−/− animals (with only slightly higher concentrations of IL-6 in C3aR −/− mice as exception). Most cytokine concentrations declined in WT mice between day 9 and 14 postinfection. Then, only MCP-1 levels were significantly higher in C3aR −/− mice ( Figure 3E ).
During the first week of infection, our results show similar primary infection and dissemination of C. psittaci in WT and C3aR −/− mice. However, thereafter only WT mice started to clear the infection. Consistently, C3aR −/− mice showed ongoing inflammation with prolonged elevated MPO and cytokine levels, and more inflammatory cells compared to WT mice. The late C3aR-dependent protection against C. psittaci (reflected by the increased death rate of C3aR −/− mice starting not before day 8 in C57BL/6J and day 13 postinfection in BALB/c mice) suggested an impaired adaptive immune response.
C3aR −/− Mice Show Fewer B and T cells in Lung-draining Lymph Nodes and Reduced IFN-γ Response After Chlamydial Infection
We determined absolute cell numbers (approximately 90% being CD3 + or CD19 + lymphocytes) in ldLNs of naive and infected mice ( Figure 4A ). Although total cell numbers increased in infected WT animals on day 9, the numbers in C3aR −/− remained nearly unchanged. Flow cytometry showed a lower rise of B and CD4 + T cells in ldLNs of infected C3aR −/− compared to WT mice ( Figure 4B ). Intracellular INF-γ production by T cells was measured after 24 hours of their restimulation by C. psittaci-infected WT BM-derived dendritic cells (DCs; Figure 4C ). Intriguingly, without C3aR, Chlamydia-specific T cell responses were reduced in both CD4 + and CD8 + subsets.
C3aR
−/− Mice Lack Chlamydia-specific Antibodies and Can Be
Partially Protected Only by Early Administration of Hyperimmune Serum Before Infection
The drastically smaller number of B cells in ldLNs might suggest impaired antibody production in C3aR −/− mice. Indeed, whereas WT animals produced high levels of C. psittaci-specific IgM and IgG 9 days postinfection, further rising during the following days, there was no significant increase in C. psittaci-specific antibodies of C3aR −/− mice upon chlamydial infection ( Figure 5A and 5B) despite the even higher bacterial load ( Figure 2 ). To determine the contribution of C. psittaci-specific antibodies to protection of WT mice, serum transfer experiments were performed. WT mice were repeatedly infected with Chlamydia. Hyperimmune serum from these mice was transferred to C3aR −/− mice after their recovery. C. psittaci-specific antibody titers in the recipients were comparable or even slightly higher to the titers present in WT mice 9 days postinfection (data not shown). To clarify whether the lack of antibodies in C3aR −/− mice can explain their high lethality in our model, hyperimmune serum was administered on day 7 of ongoing primary infection. Infected C3aR −/− mice of this group gained slightly (but not significantly) more weight several days after transfer compared to infected mice receiving control serum. However, C. psittaci-specific IgG present from day 7 postinfection on had no effect on survival. This suggests that serum transfer at a late stage of infection does not protect C3aR −/− mice against lethal chlamydial infection. In contrast, transfer of C. psittaci-specific serum 1 day before infection protected C3aR −/− mice increasing survival rates from 10% to 62% and limited early weight loss ( Figure 6A and 6B). This indicates that immune serum transfer partially restored the WT phenotype in receptor knockouts suggesting a protective role of antibodies (and C3a/C3aR) in C. psittaci reinfection. Means ± SD are depicted. Asterisks indicate significant differences (*P ≤ .05; **P ≤ .01; ***P ≤ .001; n.s. = not significant) between infected C3aR −/− (n = 15 for day 9 and n = 3 for day 14 p.i.) and the corresponding infected WT mice (n = 15 for day 9 and n = 13 for day 14 p.i.). Abbreviations: ANOVA, analysis of variance; C3aR, C3a receptor; d p.i., days postinfection; IFU, inclusion-forming unit; SD, standard deviation; WT, wild type. Figure 3 . Lung histopathology, granulocyte marker myeloperoxidase, cytokine levels in lung homogenates, and cell analyses in BALF. A, Histopathological score in lung. Mock-treated mice showed only a minimal inflammatory score. Degree of lung inflammation was scored in H&E-stained sections based on hemorrhaging, inflammatory cells, affected area, edema, peribronchiolar infiltrates, luminal exudates, and overall disease pathology score. Mouse lung pathology was determined by adding all of the points, resulting in a score of 0 (not affected) to 26 (highly affected) points. Since granulocytes can only influence 7 of 26 points of the general histological score, these cells were assessed in more detail applying measurements of their marker enzyme MPO (B). Levels of mock-treated mice were significantly lower than levels of corresponding C. psittaci-infected animals. C, Cell counts (diameter 4-18 µm) in BALF of naïve and infected mice. D, Cellular distribution in BALF of infected mice. The group size for data on WT mice depicted in (C) and (D) was: naïve n = 4; 9 d p.i. n = 7, and on C3aR −/− mice: naïve n = 4; 9 d p.i. n = 11. E, Cytokine levels of WT and C3aR −/− mice. Levels of mock-treated mice were significantly lower than levels of corresponding C. psittaci-infected animals. In addition to differences indicated by asterisks, levels of monocyte chemotactic protein-1 (MCP-1) on day 14 p.i. and of IL-6 on day 9 p.i. were significantly higher in C3aR −/− compared to WT mice (indicated by # P ≤ .05). IL12p70 was below the limit of detection and is not depicted. The group size for measurements on WT mice depicted in (A), (B ), and (E ) was: mock n = 6; 9 d p.i. n = 15; 14 d p.i. n = 13, and on C3aR −/− mice: mock n = 5; 9 d p.i. n ≥ 14; 14 d p.i. n = 3. Data depicted in panels (A) and (E ) were statistically analyzed with Kruskal-Wallis test followed by Dunn multiple comparison test. Data in (B) and (C) were analyzed with 1-way ANOVA and Tukey multiple comparison test. Data depicted in (D) were analyzed with 2-way ANOVA and Bonferroni Posttest after logarithmic transformation. Means ± SD are depicted. Asterisks indicate significant differences between infected WT and C3aR −/− , the different time points, and between naïve and infected mice (*P ≤ .05; **P ≤ .01; ***P ≤ .001; n.s. = not significant). Abbreviations: ANOVA, analysis of variance; BALF, broncho-alveolar lavage fluid; C3aR, C3a receptor; d p.i., days postinfection; IL, interleukin; MPO, myeloperoxidase; SD, standard deviation; WT, wild type.
DISCUSSION
Here we show that C3aR is a key factor determining susceptibility to Chlamydia-caused death in mice. Although complement is generally considered as a first line of defense, we observed that C3aR was essential only after more than one week, a time point which coincides with the onset of Chlamydia-directed adaptive immune defense mechanisms. Older studies suggested that C3a suppresses polyclonal and antigen-specific antibody responses [42, 43] . However, in our hands C. psittaci-infected C3aR −/− mice exhibited fewer B cells in ldLNs and were incapable of effective C. psittaci-specific IgM or IgG production. We therefore propose that C3a/C3aR play a central role in adaptive immunity and that current concepts limiting antibody responsemodulating effects of the complement system solely to complement receptors (CRs) 1 and 2 must be reconsidered [24, 44, 45] . Transfer of specific hyperimmune serum before infection improved disease outcome in C3aR −/− mice indicating that antibody responses are protective against secondary C. psittaci infection. In line with this, further reports indicated antibodymediated protection in C. muridarum and C. trachomatis reinfections, suggesting a general function of antibodies in protection against secondary chlamydial infections [12, 13, 46 ]. Yet, transfer of C. psittaci-specific IgG to C3aR −/− mice on day 7 postinfection, that is, during active infection, had only a very limited effect on disease progression and did not protect from lethality. This indicates that in addition to humoral responses other C3a-dependent functions must be critical for recovery and decreased lethality in primary infection. Indeed, absence of C3a/C3aR signaling resulted in poor T cell responses, including reduced accumulation of CD4 + T cells in ldLNs and impaired generation of antigen-specific CD4 + and CD8 + T cells during infection. Our data are in agreement with observations in influenza virus infection, which, like C. psittaci infections, are characterized by activation of the complement system. Interestingly, C3 is also essential for survival during this viral lung infection [20] . Moreover, virus-specific IgG responses as well as priming and recruitment of T cells in mice are C3-dependent. Remarkably, they are independent of CR1 and 2 [18] . The IgG response to infection with live vesicular stomatitis virus is also largely independent of CR2-mediated stimulation of B cells. However, for an antibody response against non-replicating virus −/− mice n = 13 or 14. Means ± SD are depicted. Asterisks indicate significant differences between absolute cell numbers or cellular distributions of naïve and/or infected WT and C3aR −/− mice (*P ≤ .05; **P ≤ .01; ***P ≤ .001; n.s. = not significant). Abbreviations: ANOVA, analysis of variance; APC, antigen-presenting cell; C3aR, C3a receptor; d p.i., days postinfection; IFN, interferon; SD, standard deviation; WT, wild type. CR2 is needed [45] . One might speculate that antibody responses and recovery from viral infections might depend on C3aR signaling.
Thus, observations reported here and further published evidence question the common believe that the anaphylatoxin C3a primarily serves as proinflammatory mediator. Instead, C3a and its receptor might rather act as important immune modulators, here fine-tuning various aspects of C. psittaci-directed immunity. During influenza infection, C3a (and C5a) provide migratory signals for lung DCs in mice [20] . Moreover, C3a can influence antigen-specific T cell immunity and Th1 cytokine production via modulation of DCs and macrophages (reviewed by Zhou) [31] ; and the anaphylatoxins provide costimulatory signals to naive CD4 + T cells, which are essential for their sustained viability [47] . These examples illustrate the complexity of complement-mediated effects, and we propose that the complement system might similarly modulate various aspects of the immune response directed against intracellular bacteria. We found similar levels of IFN-γ in lungs of WT and C3aR
mice. Consequently, besides C. psittaci-specific IFN-γ producing T cells, an additional C3aR-independent source of IFN-γ in the lung must exist -potentially, activated NK cells. Furthermore, there must be other C3aR-dependent but IFN-γ-independent functions causing bacterial clearance. This might be apoptosis of C. Figure 2) and show a better clinical score [19] . An improved uptake of C3b-tagged elementary bodies via CR(s) might cause this C3aR-independent effect. Thus, other complement components besides C3a/C3aR additionally modify the course of disease in Chlamydia infection. The precise function of C3aR in immune modulation and protection needs to be further investigated. The lower numbers of B and T cells in ldLNs might be explained with their reduced proliferation or shortened survival through enhanced apoptosis. This might be caused by hampered C3aR-mediated costimulation of specific cytotoxic T and Th1 cells (and Th2 cells as helpers of B cells). These effects could be alternatively caused by inefficient C3aR-dependent migration of APCs and antigen presentation, or by decreased inhibition of regulatory T cells, as recently described in another context [32, 33] . Further experiments, including adoptive T cell transfer from WT to C3aR −/− mice will help to clarify the role of these mechanisms in C. psittaci infection, to identify the involved target cells of C3a, and to dissect the contribution of the C3aR on CD4 + or CD8 + T cells to the control of primary C. psittaci lung infection. In summary, the present study indicates an important function of C3aR in the defense against intracellular C. psittaci during mouse lung infection. Moreover, we have identified two new functions of C3a/C3aR in T and B cell-mediated immune protection that might well extend to other infections besides those caused by Chlamydia. 
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